The tree-level b → cℓν ℓ based hadronic transitions have been on the focus of much attention since recording significant deviations of the experimental data, on the ratios of the branching fractions in τ and e − µ channels of the semileptonic B → D transition, from the SM predictions by BaBar Collaboration in 2012. It can be of great importance to look whether similar discrepancies take place in the semileptonic baryonic Λ b → Λcℓν ℓ decay channel or not. In this accordance we estimate the decay width as well as the ratios of the branching fractions in τ and e − µ channels of this baryonic transition by calculating the form factors, entering the amplitude of this transition as the main inputs, in the framework of QCD sum rules in full theory. We compare the obtained results with the predictions of other theoretical studies. Our results may be compared with the corresponding future experimental data to look for possible deviations of data from the SM predictions.
I. INTRODUCTION
One of the main goals of the LHC, after the discovery of Higgs, is to search for the new physics (NP) effects. This is done via two ways: direct search at colliders and indirect search for the NP effects in hadronic decay channels. Recently, there have been recorded significant deviations from the SM predictions: the BaBar measurements [1] on the ratios of the branching fractions of the semileptonic B → D decay in τ channel to those of the e or µ had shown to deviate at the global level of 3.4σ from the SM predictions [2, 3] . One of the most important results newly obtained at LHC is the sign of the lepton flavor universality violation (LFUV) in the semileptonic B decays. The LHC data [4] on R k = Br(B + → K + µµ) Br(B + → K + ee) = 0.745
+0.090
−0.074 (stat)±0.036(syst) (1) lies 2.6σ below the SM prediction in the window q 2 ∈ [1, 6] GeV 2 . Similar indications have been newly reported in semileptonic decay, B → K [5] . Hence, the semileptonic B decays seem to be good probe to search for the new physics beyond the SM. In principle, similar behaviors and deviations from the SM predictions can occur in other b-hadron decays. In [6] , it was shown that some experimental data on the differential branching ratio as well as lepton forward-backward asymmetry in Λ b → Λµ + µ − channel can not be described by the SM predictions provided by the lattice QCD and QCD sum rules. Although there previously were predictions of different models in heavy quark effective theory limit, the form factors of Λ b → Λℓ + ℓ − were firstly calculated in 2010 in full theory including all twelve form factors in Ref. [7] . The obtained results on the order of branching fractions at different lepton channels had shown that these channels were accessible at hadron colliders. One year later, the CDF collaboration observed this baryonic flavor-changing neutral current decay in µ channel [8] . In 2015 the LHCb collaboration measured the differential branching ratio and made angular analysis of the same decay mode [9] . In 2016, the lattice predictions became available, where the form factors, differential branching fraction, and angular observables with relativistic b quarks associated to this channel were calculated [10] . Considering the new experimental developments on the spectroscopy and decays properties of heavy hadrons, it seems that the b-baryon decays, especially the Λ b baryon decay modes become important not only for exact determinations of different SM parameters but as essential sources of the physics BSM: very recently the LHCb Collaboration has found evidence for CP violation in Λ b to pπ − π + π − decays with a statistical significance corresponding to 3.3 standard deviations including systematic uncertainties. This represents the first evidence for CP violation in the baryon sector [11] .
Many parameters related to different decay channels of the Λ b state have been previously studied using different approaches such as relativistic quark model, softcollinear effective theory, heavy quark effective theory, covariant quark model, zero recoil sum rule, lattice QCD and QCD sum rules (see for instance Refs. [7, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] and references therein). The tree-level b → cℓν ℓ based semileptonic Λ b → Λ c ℓν ℓ transition is one of the prominent decay channels of the Λ b baryon. This channel has been investigated using different quark models and lattice QCD [16] [17] [18] [19] [20] [21] [22] [23] [24] . We analyze this decay in e, µ and τ channels. In particular we calculate all six form factors entering the the matric elements of the effective Hamiltonian sandwiched between the initial and final baryonic states in full QCD without making the heavy quark effective theory approximation. We calculate the decay width and branching ratios in all lepton channels and compare the results with the predictions of other theoretical approaches as well as existing experimental data. We compute the ratio of the branching fractions in τ channel to those of the e or µ associated to this transition, as well. This paper is organized as follows. In section II, we calculate the six form factors defining the Λ b → Λ c ℓν ℓ transition using the technique of QCD sum rules [26] .
In section III we numerically analyze the form factors and find their q 2 -dependent fit functions. Section IV is devoted to calculations of different physical observables related to the decays under consideration and comparison of the results obtained with the predictions of other theoretical studies as well as existing experimental data. Section V is reserved for our concluding remarks and, finally, we move some analytic expressions for the spectral densities used in the calculations to the Appendix.
II. TRANSITION FORM FACTORS
The Λ b → Λ c ℓν ℓ decay channel proceeds via b → cℓν ℓ at quark level. The low-energy effective Hamiltonian describing this transition can be written as
where G F is the Fermi coupling constant and V cb is one of the elements of the CKM matrix. The amplitude of this channel is found by sandwiching this effective Hamiltonian between the initial and final baryonic state,
where the point-like particles immediately go out of the matrix element and remaining parts are parameterized in terms of six form factors
In above equation, V µ = cγ µ b and A µ = cγ µ γ 5 b are the vector and axial vector parts of the transition current, q = p − p ′ is the momentum transferred to the leptons; and u Λc (p, s) and u Λc (p ′ , s ′ ) are Dirac spinors of the initial and final baryonic states.
The main goal in the following is to calculate the six transition form factors in full QCD using the technique of the three-point sum rule as one of the powerful and applicable non-perturbative tools to hadron physics. As usual prescriptions, the starting point is to consider an appropriate correlation function of interpolating and transition currents in a time ordered manner. The sum rules for transition form factors are found by equating the phenomenological or physical representation of this three point function to the theoretical or QCD side of the same function which is obtained using the operator product expansion (OPE). The three-point correlation function for our aim is:
where T is the time-ordereing operator and J ΛQ (x) with Q being b or c quark is the interpolating current for the Λ b and Λ c baryons. It is given in its more general form as:
where a, b and c are color indices, C is the charge conjugation operator, q 1 and q 2 are u and d quark fields, respectively. The β is a general mixing parameter with β = −1 being corresponding to Ioffe current. The physical or phenomenological side is found by inserting complete sets of the initial and final baryonic states with the same quantum numbers as the interpolating currents into the correlation function. By performing integrals over four-x and -y we end up with
where · · · stands for the contributions of the higher states and continuum. Besides the transition matrix elements we need to define the following matrix elements in terms of the residues of the initial and final states:
The final step is to put all the matrix elements defined above into Eq. (7) and use the summation over Dirac spinors
As a result we find the following representation for the final form of the physical side in terms of the structures used in the calculations in Borel transformed form that has been applied to suppress the contributions of the higher states and continuum:
where M 2 and M ′2 are Borel parameters that should be fixed later and we kept only the structures that will be used in further analyses.
To find the correlation function in terms of quark-gluon degrees of freedom on QCD side, i.e. by utilizing the light and heavy propagators, we use the interpolating current given by Eq. (6) in Eq. (5), and contract the related quark fields. After some manipulations including the contraction of the quark fields, we find the QCD side in terms of the heavy and light quarks' propagators in coordinate space. Thus, for the light quark we use 
and the heavy quark propagator is given as [27] ;
where we used the following notations
with a, b = 1, 2, 3 being the color and A, B, C = 1, 2 . . . 
Then, the four-dimensional x and y integrals are performed in the sequel of the replacements x µ → i 
are used to carry out the remaining four-integral over t. The function Π QCD µ (p, p ′ , q) includes twenty-four different structures that not all of them are written here:
where, the invariant functions Π
, with i representing different structures, are represented in terms of a double dispersion integral as
where in QCD side and subtracting the contribution of the higher resonances and continuum states supported by the quark-hadron duality assumption and matching the coefficients of different structures from the physical and QCD sides of the correlation function, we find the required sum rules for the form factors that will be used in numerical calculations.
III. NUMERICAL RESULTS FOR FORM FACTORS
In this section, we shall give our numerical results for the form factors and find their fit functions in terms of q 2 . In our calculations, we set m u and m d equal to zero. Other input parameters used in our evaluation are collected in Table I . The sum rules for form factors con- 
tain extra four auxiliary parameters: the Borel parameters M 2 and M ′2 as well as the continuum thresholds s 0 and s ′ 0 . According to the standard prescriptions of the method, the results of form factors should be practically independent of these parameters. Hence their working regions are settled such that the results of form factors depend possibly weakly on these parameters. The continuum thresholds s 0 and s ′ 0 are not entirely arbitrary parameters and they are in correlation with the energy of the first excited states in the initial and final channels. We choose them the intervals
The working regions for the Borel mass parameters are determined with the requirements that not only the higher state and continuum contributions are suppressed but also the contributions of the higher order operators are small, i.e. the sum rules are convergent. Accordingly, the working regions for the Borel parameters are found to be
The aforesaid intervals for the Borel and threshold parameters prompts the below window to the parameter β:
where we utilize x = cosθ with θ = tan −1 β to examine the full region i.e.−∞ to ∞ for β by changing x in the interval [−1, 1]. Note that the Ioffe current with x = −0.71 stays out of the trustworthy region in this evaluation.
Having determined the working regions for the auxiliary parameters we proceed to find the behaviors of the form factors in terms of q 2 . Our analysis shows that the form factors are well fitted to the function (m Λ b − m Λc ) 2 and at average values of auxiliary parameters. As is seen we encounter the uncertainties of the form factors in these figures. The solid lines show the average behavior of the form factors. From these figures we see that the form factors demonstrate a good behavior and gradually increase with increasing the transferred momentum squared. The fit functions of form factors will be used as the main input parameters to evaluate different physical observables in next section.
IV. DECAY WIDTH AND BRANCHING RATIO
In this section we would like to evaluate the decay widths and branching fractions of the semileptonic Λ b → Λ bl ν transitions in all lepton channels. To this end we use the following formula:
where,
(21) One can find the explicit expressions of the functions H ,U,L,S in [18, 21, 32] in terms of different helicity amplitudes expressed as functions of the form factors F i and G i . The numerical values for the decay widths and branching ratios at different channels are shown in Table III . In this table, we also present the predictions of other theoretical methods (in some cases we have changed the original unit to GeV ) as well as the existing experimental data. From this table we see that the order of magnitude for the widths and branching fractions from different theoretical predictions are the same, though they show considerable differences in values in some cases. Our result on the branching ratio in e, µ channel is in nice agreement with average experimental value presented in PDG [28] .
Our predictions at τ channel can be checked by future experiments.
As a final task we would like to report the ratio of branching fraction in τ channel to that of the e, µ:
which may also be checked by future experiments. The recent serious deviations of the experimental data from the theoretical productions made in the context of SM on the ratios of the branching fractions of the mesonic B → D ( * ) decays in τ channel to that of the (e, µ) have put this subject in the focus of the much attention. While direct searches end up with null results in the search of NP effects at different colliders, these can be considered as significant indications for the NP effects beyond the SM. The corresponding b → cν ℓ based transition at baryon sector that is possible to study in future experiments is the semileptonic Λ b → Λ c ℓν ℓ transition. we shall look at different experiments whether similar deviations is the case in this transition or not? In this connection we studied this transition at all lepton channels by calculating the responsible form factors in full QCD. we used the fit functions of the form factors to estimate the corresponding decay rates and branching fractions. We found the ratio R = Br[Λ b →Λc(e,µ)ν (e,µ) ] = 0.31 ± 0.11, which may be checked in future experiments. If we observe serious deviations of data on this ratio from the SM predictions, like those of the mesonic channels, this will increase our desire to indirectly search for new physics effects in heavy hadronic decay channels.
Appendix: The spectral densities
